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Investigation and Analysis of Wood Pathologies inQuinchaConstruction
at Hotel Comercio in Lima, Peru; With Recommendations for Its
Treatment
Abstract
Quincha has been an integral construction system in Peru for over 2,000 years, adapting and evolving along
with Peru's development as a nation throughout history. This traditional construction system proved to be
extremely efficient in withstanding seismic activity, while being economic, adaptable, and fast to build.
Unfortunately, the tradition of building with quincha in urban areas declined over the 20th century until it was
lost. As a result, building with quincha has been all but forgotten in Lima today. Although quincha buildings
comprise most of the structures in Lima's historic centre, their neglect has caused them to deteriorate and
often collapse. This has led to an extensive loss in Lima's cultural heritage, not to mention public safety
concerns.
This thesis investigates quincha's construction technology in an attempt to safeguard Lima's architectural
heritage, to build more sustainable buildings in a hazard-prone environment, and demonstrate that it is in fact,
an efficient and reliable construction system when build and maintained properly. This study encompasses
archival research, interviews, documentation, laboratory analysis, and pathologies and diagnosis studies. Hotel
Comercio, a three-story archetypal example of adobe+quincha construction system, was examined and its
conditions were studied in order to investigate the pathologies of wood in quincha and the possible
deterioration mechanisms. Wood samples were taken and analyzed macroscopically and microscopically at
the Architectural Conservation Laboratory at the University of Pennsylvania. Wood and insect identification
were conducted, and recommendations for conservation and treatment of quincha were explored.
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Date  Location  Mw  Fatalities  Comments 
May 31, 1650  Cuzco  7.6    Left Cuzco in ruins 
Oct. 20, 1687  Lima  8.5  600  Tsunami caused destruction in 
Callao, Ica, Palpa and Nasca 






Coast       
July 10, 1821  Camaná  7.9  162   
Dec. 12, 1908  Central Coast  8.2     
Aug. 24, 1942  Central Coast  8.2  30  Deaths due to collapse of 
structures 











June 8, 1967  Lima/Huacho       
July 31, 1967  Lima       
Aug. 22, 1967  Lima       
Feb. 3, 1968  Lima      Landslides, ground fractures 





June 19, 1972  Lima      Moderate damage in the city 





Lima  5.6  3  23 injured, 7 collapsed 
structures 
Sep. 23, 1995  Coast  5.1    Landslides in the north of Lima 
June 23, 2001  Central Coast  8.4  138   
July 7, 2001  Coast  7.6  1   














































































































































































































































































































24  ASTM  Standard  D3273,  "Test Method for Resistance to Growth of Mold on the Surface of 
Interior Coatings in an Environmental Chamber," 
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Camera: Canon Rebel T1i
Megapixels: 15.1
Lens: Canon EF-S 18-200mm 1:3.5-5.3 IS
Sample: S1-II-a
Jan. 14, 2011
















A type of Cedar (exact 
species unknown)





- cedar like odor
- cupressoid cross field 
pitting
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A type of Cedar (exact 
species unknown)





- cedar like odor
- cupressoid cross field 
pitting
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- abundant spiral thicken-
ing in tracheids
- piceoid crossfield pitting  
- dark red heartwood
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sector 2, first floor, 2nd patio















A type of Cedar (exact 
species unknown)
Similar to Eastern 






- dark red heartwood
- sweet odor
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sector 2, first floor, room 120
















Very similar to black 
walnut (Juglans nigra)
Possibly Peruvian walnut 













Camera: Canon Rebel T1i
Megapixels: 15.1
Lens: Canon EF-S 18-200mm 1:3.5-5.3 IS
Sample: S3-II-b
Oct. 12, 2012

















Very similar to black 
walnut (Juglans nigra)
Possibly Peruvian walnut 
(Juglans neotropica, J. 
olanchana, etc) 







































abundant spiral thickening 
in tracheids
- piceoid crossfield pitting
-dark red heartwood
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- abundant spiral thicken-
ing in tracheids
- piceoid crossfield pitting



























Hotel Comercio Wood Identification
Lima, Peru
_ 
Alden Identification Service 
 
3560 Brookeside Drive, Chesapeake Beach, MD    20732                     410-286-8722 
http://woodid.homestead.com/ais.html                                        aldenid@comcast.net 
 
7/5/12                Invoice #:  4319 
 
Mr. Rie S. Yamakawa 
32 North 40th Street  #3F 
Philadelphia, PA 19104 
 
Dear Rie,  
  
Thank you for sending the 1 sample (Structural Wood from Lima, Peru) to us for identification.  It is as 
follows: 
 
1 -  Podocarpus Podocarpus sp. 
 
 Podocarpus (Podocarpus spp. /Podocarpaceae) is a primitive conifer genus that contains about 
103 species native to the southern temperate regions through the tropical highlands of the globe including 
temperate South America, South Africa, Japan and the West Indies. When the super continent Gondwana 
broke apart around 100 million years ago, the ancestors of Podocarpus were separated, resulting in species 
on most of the present day continents. They are all evergreen shrubs and trees that can reach heights of 75 
to 120 feet. Many species are large enough to produce beautiful lumber. The timber has a light yellow or 
straw yellow color with a clear, fine straight grain. It weighs between 25 and 35 pounds per cubic foot. The 
microscopic wood anatomy of most species is identical.  
 
South African Yellowwood (Podocarpus elongata & P. thunbergii) appears in colonial furniture of the 
Cape Colony (Dutch & English).  
 
P. dacrydioides – New Zealand White Pine [New Zealand] – general construction 
P. elongata –        Common Yellow-wood [South Africa] – beams, planks & general construction work 
P. falcatus -          False Yellowwood [South Africa] - furniture, roof beams, floorboards, door and window   
frames and boat building (topmasts of ships). 
P. ferruginea –    Miro [New Zealand] – heavy construction and cabinetry 
P. latifolius -        Real Yellowwood [South Africa] – flooring, furniture, sleepers, wagon beds, coffins 
P. nubigenus –     Manio [Chile] 
P. salignus –        Manio [Chile] 
P. spicata –          New Zealand Black Pine [New Zealand] – durable & dense wood for outdoors and 
cabinetry 
P. totara –           Totara [New Zealand] – durable for outside work and furniture 
P. urbanii –         Yacca [Jamaica] 
 
Podocarp or Manio (Podocarpus spp. /Podocarpaceae) is also known as: Cipres (Guatemala, 
Honduras), Cipricillo, Cipresillo lorito (Costa Rica), Pino chaquiro (Colombia), Pino castaneto 
(Venezuela), and Pinho bravo (Brazil). It is native to the mountainous areas from the West Indies and 
southern Mexico to southern Chile. The tree varies considerably with species, ranging from heights of 60 ft 
and diameters 10 to 16 in.  to heights of 100 ft and diameters up to 40 in.  Clear straight boles often 
somewhat fluted but without buttresses. The heartwood is pale yellow to yellowish brown; not distinct from 
sapwood.  The wood has a fine and uniform texture without conspicuous zones of latewood. It is somewhat 
lustrous with the grain usually straight but may be slightly interlocked. Specific gravity (ovendry 
weight/green volume) varies with species from 0.37 to 0.55 and the air-dry density is 28 to 42 pounds per 
cubic foot. The timber works easily with hand and power tools; nails easily and takes stain, varnish, and 
paint satisfactorily. Heartwood from trees grown in Belize reported to be moderately durable ground 
Alden Identification Service Report
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contact under tropical exposure.  Durability of other species from other are reported as low. It is used for 
joinery, millwork, furniture components, boxes and crates, general construction, veneer and plywood, pulp 




Chudnoff Tropical Timbers of The World 
Hinckley, F. Lewis. 1960. Directory of Historic Cabinet Woods 
 
 














Date:  7/5/12  
 
Invoice #:  4319 
 
        1 sample at $50.00 per sample    $  50.00_ 
 






Alden Identification Service 
 
3560 Brookeside Drive, Chesapeake Beach, MD    20732                     410-286-8722 
http://woodid.homestead.com/ais.html                                        aldenid@comcast.net 
 
7/5/12                Invoice #:  4319 
 
Mr. Rie S. Yamakawa 
32 North 40th Street  #3F 
Philadelphia, PA 19104 
 
Dear Rie,  
  
Thank you for sending the 1 sample (Structural Wood from Lima, Peru) to us for identification.  It is as 
follows: 
 
1 -  Podocarpus Podocarpus sp. 
 
 Podocarpus (Podocarpus spp. /Podocarpaceae) is a primitive conifer genus that contains about 
103 species native to the southern temperate regions through the tropical highlands of the globe including 
temperate South America, South Africa, Japan and the West Indies. When the super continent Gondwana 
broke apart around 100 million years ago, the ancestors of Podocarpus were separated, resulting in species 
on most of the present day continents. They are all evergreen shrubs and trees that can reach heights of 75 
to 120 feet. Many species are large enough to produce beautiful lumber. The timber has a light yellow or 
straw yellow color with a clear, fine straight grain. It weighs between 25 and 35 pounds per cubic foot. The 
microscopic wood anatomy of most species is identical.  
 
South African Yellowwood (Podocarpus elongata & P. thunbergii) appears in colonial furniture of the 
Cape Colony (Dutch & English).  
 
P. dacrydioides – New Zealand White Pine [New Zealand] – general construction 
P. elongata –        Common Yellow-wood [South Africa] – beams, planks & general construction work 
P. falcatus -          False Yellowwood [South Africa] - furniture, roof beams, floorboards, door and window   
frames and boat building (topmasts of ships). 
P. ferruginea –    Miro [New Zealand] – heavy construction and cabinetry 
P. latifolius -        Real Yellowwood [South Africa] – flooring, furniture, sleepers, wagon beds, coffins 
P. nubigenus –     Manio [Chile] 
P. salignus –        Manio [Chile] 
P. spicata –          New Zealand Black Pine [New Zealand] – durable & dense wood for outdoors and 
cabinetry 
P. totara –           Totara [New Zealand] – durable for outside work and furniture 
P. urbanii –         Yacca [Jamaica] 
 
Podocarp or Manio (Podocarpus spp. /Podocarpaceae) is also known as: Cipres (Guatemala, 
Honduras), Cipricillo, Cipresillo lorito (Costa Rica), Pino chaquiro (Colombia), Pino castaneto 
(Venezuela), and Pinho bravo (Brazil). It is native to the mountainous areas from the West Indies and 
southern Mexico to southern Chile. The tree varies considerably with species, ranging from heights of 60 ft 
and diameters 10 to 16 in.  to heights of 100 ft and diameters up to 40 in.  Clear straight boles often 
somewhat fluted but without buttresses. The heartwood is pale yellow to yellowish brown; not distinct from 
sapwood.  The wood has a fine and uniform texture without conspicuous zones of latewood. It is somewhat 
lustrous with the grain usually straight but may be slightly interlocked. Specific gravity (ovendry 
weight/green volume) varies with species from 0.37 to 0.55 and the air-dry density is 28 to 42 pounds per 
cubic foot. The timber works easily with hand and power tools; nails easily and takes stain, varnish, and 
paint satisfactorily. Heartwood from trees grown in Belize reported to be moderately durable ground 
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Alden Identification Service 
 
3560 Brookeside Drive, Chesapeake Beach, MD    20732                     410-286-8722 
http://woodid.homestead.com/ais.html                                        aldenid@comcast.net 
 
12/5/12                Invoice #:  4386 
 
Mr. Rie Silvana Yamakawa 
4360 Spruce Street 
Philadelhia, PA 19139 
 
Dear Rie,  
  
Thank you for sending the 4 samples (Historic Building) to us for identification.  They are as follows: 
 
1 – I-A2-a-post Eastern Red Cedar Juniperus virginiana 
2 – II-A1-a-post Atlantic White Cedar Chamaecyparis thyoides 
3 – III-A1-a-joist Douglas Fir Pseudotsuga menziesii 
4 – III-A1-b-? Keruing Dipterocarpus sp. 
 
 Eastern Redcedar/Juniper, etc. (Juniperus spp./Cupressaceae). The Junipers are composed of 
about 50 species, native to North America [13], Mexico and Central America [11], West Indies [5], 
Bermuda [1], and the Old World [25]. The word juniperus is the classical Latin name. The wood of all 
species in this genus looks alike microscopically. 
Eastern North America Europe/Middle East 
Eastern Redcedar J. virginiana Common Juniper J. communis 
Southern Redcedar J. silicicola Grecian Juniper J. excelsa 
  Stinking Juniper J. foetidissima 
  Syrian Juniper J. drupacea 
Western North America  
Ashe Juniper Ashe juniper 
California Juinper California juniper 
Common Juniper Common juniper 
Alligator Juniper Alligator juniper 
Redberry Juniper Redberry juniper 
Drooping Juniper Drooping juniper 
Oneseed Juniper Oneseed juniper 
Western Juniper Western juniper 
Utah Juniper Utah juniper 
Pinchot Juniper Pinchot juniper 
















 Cedara, Atlantic White [Chamaecyparis thyoides (L.) B.S.P. Cupressaceae] The genus 
Chamaecyparis is composed of 6 or 7 species, with 4 in Japan/Formosa and 3 in North America. The North 
American species are: 
Scientific Name Common Name 
C. lawsoniana  Port Orford Cedar 
C. nootkatensis Alaska Cedar 
C. thyoides Atlantic White Cedar 
 aIdentification and separation of North American species possible based on micro-anatomy (Kukachka, B.F. 1960. 
Identification of coniferous woods. Tappi  43(11):887-896). 
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3560 Brookeside Drive, Chesapeake Beach, MD    20732                     410-286-8722 
http://woodid.homestead.com/ais.html                                        aldenid@comcast.net 
 
12/5/12                Invoice #:  4386 
 
Mr. Rie Silvana Yamakawa 
4360 Spruce Street 
Philadelhia, PA 19139 
 
Dear Rie,  
  
Thank you for sending the 4 samples (Historic Building) to us for identification.  They are as follows: 
 
1 – I-A2-a-post Eastern Red Cedar Juniperus virginiana 
2 – II-A1-a-post Atlantic White Cedar Chamaecyparis thyoides 
3 – III-A1-a-joist Douglas Fir Pseudotsuga menziesii 
4 – III-A1-b-? Keruing Dipterocarpus sp. 
 
 Eastern Redcedar/Juniper, etc. (Juniperus spp./Cupressaceae). The Junipers are composed of 
about 50 species, native to North America [13], Mexico and Central America [11], West Indies [5], 
Bermuda [1], and the Old World [25]. The word juniperus is the classical Latin name. The wood of all 
species in this genus looks alike microscopically. 
Eastern North America Europe/Middle East 
Eastern Redcedar J. virginiana Common Juniper J. communis 
Southern Redcedar J. silicicola Grecian Juniper J. excelsa 
  Stinking Juniper J. foetidissima 
  Syrian Juniper J. drupacea 
Western North America  
Ashe Juniper Ashe juniper 
California Juinper California juniper 
Common Juniper Common juniper 
Alligator Juniper Alligator juniper 
Redberry Juniper Redberry juniper 
Drooping Juniper Drooping juniper 
Oneseed Juniper Oneseed juniper 
Western Juniper Western juniper 
Utah Juniper Utah juniper 
Pinchot Juniper Pinchot juniper 
















 Cedara, Atlantic White [Chamaecyparis thyoides (L.) B.S.P. Cupressaceae] The genus 
Chamaecyparis is composed of 6 or 7 species, with 4 in Japan/Formosa and 3 in North America. The North 
American species are: 
Scientific Name Common Name 
C. lawsoniana  Port Orford Cedar 
C. nootkatensis Alaska Cedar 
C. thyoides Atlantic White Cedar 
 aIdentification and separation of North American species possible based on micro-anatomy (Kukachka, B.F. 1960. 
Identification of coniferous woods. Tappi  43(11):887-896). 
 
The word chamaecyparis is derived from the Greek chamai (dwarf) and kuparissos (cypress). The term 
thyoides means “like Thuja,” a related genus containing northern white-cedar. The other two North 
American species are Port-Orford-cedar (Chamaecyparis lawsoniana) and Alaska-cedar (Chamaecyparis 
nootkatensis). The wood of each of the three species in this genus is anatomically distinct. 
 
Other Common Names: Amerikansk vit-ceder, cedar, cedre blanc d’Amerique, cedro bianco, cedro 
bianco Americano, cedro blanco Americano, cipres blanco, cipresso bianco, coast white cedar, juniper, 
kogelcypres, post cedar, retinospora, southern white-
cedar, swamp-cedar, swano white cedar, vit-cypress, 
white-cedar, white chamaecyparis, white cypress, witte 
Amerikaanse ceder, zeder-zypresse. 
 
Distribution: Atlantic white-cedar currently is native to 
the Coastal Plain of the eastern United States from 
central Maine south to northern Florida and west to 
southern Mississippi. It is an obligate wetland species, 
i.e. it can only grow in very wet areas, usually lowlands. 
 
The Tree: Trees of Atlantic white-cedar reach heights of 
60 ft (18.29 m), with diameters of 1 ft (0.30 m). Under 
optimal growth conditions, this tree can reach heights of 
120 ft (36.58 m), with diameters of 5 ft (1.52 m). 
 
General Wood Characteristics: The sapwood of 
Atlantic white-cedar is narrow and white, and the 
heartwood is light brown with a reddish or pinkish tinge. 
The wood has a characteristic aromatic odor when 
freshly cut and has a faint bitter taste. It is light weight, 
has a fine texture, and is straight grained. It is moderately 
soft, low in shock resistance, and weak in bending and 
endwise compression.  
 
Working Properties: It works easily with tools, finishes smoothly, holds paint well, and splits easily. 
 
Durability: Atlantic white-cedar heartwood is resistant to very resistant to decay (56). 
 
Modern Use: Cooperage, wooden household furniture, boat building, fencing, and industrial  
millwork. 
 
Historic Use: Atlantic White Cedars ability to withstand both water and fungi (damp-rot) made it a premier 
wood choice for boats and house clapboard and shingles in the American colonies. By the end of the 18th 
Century, almost all of the living Atlantic White Cedar trees were removed from the swamps of Jersey [The 
Pine Barrens, The Hackensack Meadowlands and Sandy Hook]. This area had the highest concentration of 
the trees along the Atlantic Seaboard ~ 500,000 acres then, 115,000 today. Some tree loss was due to 
habitat destruction (agriculture, peat & cranberry bogs).Dead trees had fallen into the swamp and been 
preserved by the anaerobic environment to the cellular and molecular levels. They were subsequently 
hauled out of the swamps and mined in the mud flats to satisfy the demand, prior to the Civil War. It was 
also used for cooperage, wooden household furniture, fencing, buckets, decoys and channel-marking posts. 
 
Alden, Harry A. 1997. Softwoods of North America. Gen. Tech. Rep. FPL-GTR-102. Madison, WI: U.S. 
Department of Agriculture, Forest Service, Forest Products Laboratory. 151 pp. 
Sloane, Eric. 1965. A reverence for wood. Dover Publications, Inc., New York. 111 pp. 
http://www.nj.gov/dep/parksandforests/forest/njfs_awc_initiative.html 
 
 Douglas-fir (Pseudotsuga menziesii/ Pinaceae) contains 2 species native to western North 
America (Coast Douglas-fir, Pseudotsuga menziesii and Bigcone Douglas-fir, Pseudotsuga macrocarpa), 1 
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The word chamaecyparis is derived from the Greek chamai (dwarf) and kuparissos (cypress). The term 
thyoides means “like Thuja,” a related genus containing northern white-cedar. The other two North 
American species are Port-Orford-cedar (Chamaecyparis lawsoniana) and Alaska-cedar (Chamaecyparis 
nootkatensis). The wood of each of the three species in this genus is anatomically distinct. 
 
Other Common Names: Amerikansk vit-ceder, cedar, cedre blanc d’Amerique, cedro bianco, cedro 
bianco Americano, cedro blanco Americano, cipres blanco, cipresso bianco, coast white cedar, juniper, 
kogelcypres, post cedar, retinospora, southern white-
cedar, swamp-cedar, swano white cedar, vit-cypress, 
white-cedar, white chamaecyparis, white cypress, witte 
Amerikaanse ceder, zeder-zypresse. 
 
Distribution: Atlantic white-cedar currently is native to 
the Coastal Plain of the eastern United States from 
central Maine south to northern Florida and west to 
southern Mississippi. It is an obligate wetland species, 
i.e. it can only grow in very wet areas, usually lowlands. 
 
The Tree: Trees of Atlantic white-cedar reach heights of 
60 ft (18.29 m), with diameters of 1 ft (0.30 m). Under 
optimal growth conditions, this tree can reach heights of 
120 ft (36.58 m), with diameters of 5 ft (1.52 m). 
 
General Wood Characteristics: The sapwood of 
Atlantic white-cedar is narrow and white, and the 
heartwood is light brown with a reddish or pinkish tinge. 
The wood has a characteristic aromatic odor when 
freshly cut and has a faint bitter taste. It is light weight, 
has a fine texture, and is straight grained. It is moderately 
soft, low in shock resistance, and weak in bending and 
endwise compression.  
 
Working Properties: It works easily with tools, finishes smoothly, holds paint well, and splits easily. 
 
Durability: Atlantic white-cedar heartwood is resistant to very resistant to decay (56). 
 
Modern Use: Cooperage, wooden household furniture, boat building, fencing, and industrial  
millwork. 
 
Historic Use: Atlantic White Cedars ability to withstand both water and fungi (damp-rot) made it a premier 
wood choice for boats and house clapboard and shingles in the American colonies. By the end of the 18th 
Century, almost all of the living Atlantic White Cedar trees were removed from the swamps of Jersey [The 
Pine Barrens, The Hackensack Meadowlands and Sandy Hook]. This area had the highest concentration of 
the trees along the Atlantic Seaboard ~ 500,000 acres then, 115,000 today. Some tree loss was due to 
habitat destruction (agriculture, peat & cranberry bogs).Dead trees had fallen into the swamp and been 
preserved by the anaerobic environment to the cellular and molecular levels. They were subsequently 
hauled out of the swamps and mined in the mud flats to satisfy the demand, prior to the Civil War. It was 
also used for cooperage, wooden household furniture, fencing, buckets, decoys and channel-marking posts. 
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 Douglas-fir (Pseudotsuga menziesii/ Pinaceae) contains 2 species native to western North 
America (Coast Douglas-fir, Pseudotsuga menziesii and Bigcone Douglas-fir, Pseudotsuga macrocarpa), 1 
in Mexico (Mexican Douglas-fir, Pseudotsuga lindleyana), 1 in Japan (Japanese Douglas-fir, Pseudotsuga 
japonica) and 3 in eastern Asia (including Chinese Douglas-fir, Pseudotsuga sinensis). All species look 
alike microscopically. The North American species is P.  menziesii, known as Douglas –Fir or Oregon 
Pine, although it is not a True Pine (Pinus sp.). There are two recognized subspecies of Douglas-fir: coast 
Douglas-fir [P. menziesii (Mirb.) Franco ssp. menziesii] and Rocky Mountain Douglas-fir [P. menziesii ssp 
glauca (Biessn.) Franco]. The range of Douglas-fir extends from the Rocky Mountains to the Pacific Coast 
and from Mexico to central British Columbia. Douglas-fir lumber harvesting occurs in the Coast States of 
Oregon, Washington, and California, and the Rocky Mountain States. Douglas-fir is named for Henry 
Douglas (1798-1834), a Scottish botanist who traveled in North America. The word Pseudotsuga means 
“false hemlock and menziesii is used in recognition of Archibald Menzies (1754–1842), a Scottish 
physician and naturalist, who discovered Douglas-fir in 1793 on Vancouver Island, British Columbia. 
 
 
Modified from Elbert Little Jr. USDA Forest Service. 
 
 Keruing or Apitong (Dipterocarpus spp./ Dipterocarpaceae) is composed of over 70 species, 
which are marketed collectively. They occur throughout Indo-Malaysia and those from Malaysia are the 
most variable in physical and mechanical properties. Other common names include; Eng, In (Burma), 
Yang, Heng (Thailand), Lagan, Keroeing (Indonesia), Dau (Vietnam, Cambodia) and Gurjun (India). The 
tree characteristics are variable within this genus, but they commonly reach heights of 100 to 200 ft with 
clear, cylindrical boles 70 ft long; trunk diameters 3 to 6 ft, commonly with a small buttressed base. 
 The heartwood varies from light to dark red brown or brown to dark brown, sometimes with a 
purple tint; usually well defined from the gray or buff sapwood.  The texture is moderately coarse. The 
grain is straight or shallowly interlocked. It has a low luster and a strong resinous odor when freshly cut.  
The resin exudation may be troublesome and its silica content is variable, generally less than 0.5%. 
 Its basic specific gravity (ovendry weight/green volume) is generally 0.57 to 0.65 and its air-dry 
density is 45 to 50 pounds per cubic foot (0.64 – 0.94 g/cc), but both can vary widely. 
 It dries slowly often with considerable degrade due to checking and warp and sometimes collapse.  
Resin exudation is common, particularly at high temperatures.  Kiln schedule T3-D2 is suggested for 4/4 
stock and T3-D1 for 8/4. Shrinkage green to air dry: radial 2.5 to 5.5%; tangential 7.5 to 11.5%.  Movement 
in service is medium to large. 
 Keruing generally saws and machines well, particularly when green. Blunting of cutters is 
moderate to severe due to silica content and it is sometimes difficult to glue.  Resin adhering to machinery 
and tools may be troublesome and also interfere with finishes. Its durability varies with species, generally 
classified as moderately durable, but the heartwood is susceptible to termite attack.  However, silica content 
may be high and resistance to marine borers is erratic.  The sapwood and heartwood are both rated 
as moderately resistant to preservative treatments using either open tank or pressure systems. 
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in Mexico (Mexican Douglas-fir, Pseudotsuga lindleyana), 1 in Japan (Japanese Douglas-fir, Pseudotsuga 
japonica) and 3 in eastern Asia (including Chinese Douglas-fir, Pseudotsuga sinensis). All species look 
alike microscopically. The North American species is P.  menziesii, known as Douglas –Fir or Oregon 
Pine, although it is not a True Pine (Pinus sp.). There are two recognized subspecies of Douglas-fir: coast 
Douglas-fir [P. menziesii (Mirb.) Franco ssp. menziesii] and Rocky Mountain Douglas-fir [P. menziesii ssp 
glauca (Biessn.) Franco]. The range of Douglas-fir extends from the Rocky Mountains to the Pacific Coast 
and from Mexico to central British Columbia. Douglas-fir lumber harvesting occurs in the Coast States of 
Oregon, Washington, and California, and the Rocky Mountain States. Douglas-fir is named for Henry 
Douglas (1798-1834), a Scottish botanist who traveled in North America. The word Pseudotsuga means 
“false hemlock and menziesii is used in recognition of Archibald Menzies (1754–1842), a Scottish 
physician and naturalist, who discovered Douglas-fir in 1793 on Vancouver Island, British Columbia. 
 
 
Modified from Elbert Little Jr. USDA Forest Service. 
 
 Keruing or Apitong (Dipterocarpus spp./ Dipterocarpaceae) is composed of over 70 species, 
which are marketed collectively. They occur throughout Indo-Malaysia and those from Malaysia are the 
most variable in physical and mechanical properties. Other common names include; Eng, In (Burma), 
Yang, Heng (Thailand), Lagan, Keroeing (Indonesia), Dau (Vietnam, Cambodia) and Gurjun (India). The 
tree characteristics are variable within this genus, but they commonly reach heights of 100 to 200 ft with 
clear, cylindrical boles 70 ft long; trunk diameters 3 to 6 ft, commonly with a small buttressed base. 
 The heartwood varies from light to dark red brown or brown to dark brown, sometimes with a 
purple tint; usually well defined from the gray or buff sapwood.  The texture is moderately coarse. The 
grain is straight or shallowly interlocked. It has a low luster and a strong resinous odor when freshly cut.  
The resin exudation may be troublesome and its silica content is variable, generally less than 0.5%. 
 Its basic specific gravity (ovendry weight/green volume) is generally 0.57 to 0.65 and its air-dry 
density is 45 to 50 pounds per cubic foot (0.64 – 0.94 g/cc), but both can vary widely. 
 It dries slowly often with considerable degrade due to checking and warp and sometimes collapse.  
Resin exudation is common, particularly at high temperatures.  Kiln schedule T3-D2 is suggested for 4/4 
stock and T3-D1 for 8/4. Shrinkage green to air dry: radial 2.5 to 5.5%; tangential 7.5 to 11.5%.  Movement 
in service is medium to large. 
 Keruing generally saws and machines well, particularly when green. Blunting of cutters is 
moderate to severe due to silica content and it is sometimes difficult to glue.  Resin adhering to machinery 
and tools may be troublesome and also interfere with finishes. Its durability varies with species, generally 
classified as moderately durable, but the heartwood is susceptible to termite attack.  However, silica content 
may be high and resistance to marine borers is erratic.  The sapwood and heartwood are both rated 
as moderately resistant to preservative treatments using either open tank or pressure systems. 
Keruing is used for general construction work, framework for boats, flooring, pallets, chemical processing 
equipment, veneer and plywood. It is suggested for railroad crossties if treated with preservatives. 
 
Mechanical Properties: (2-in.  standard) 
Moisture content Bending strength Modulus of elasticity Maximum crushing strength 
 Psi 1,000 psi Psi 
Green (3)              8,500 1,750 4,050 
12%                                 2,510 8,600 16,700 
Green (1)                   1,710 5,690 11,900 
12%                           2,080 19,900 10,500 
 
 The Janka side hardness about 1,520 lb for dry material, while the Forest Products Laboratory 
toughness factor is 240 in.-lb for green material (2-cm specimen). 
 
Additional Reading:   
1.  Burgess, P. F. 1966. Timbers of Sabah. Sabah For. Rec. No. 6. 
2.  Farmer, R. H. 1972. Handbook of hardwoods. HMSO. London. 
3. Lauricio, F. M. and S. B. Bellosillo. 1966. The mechanical and related properties of Philippine 
 hardwoods. The  Lumberman 12(5):66+A-H.  
4.  Pearson, R. S. and H. P. Brown. 1932. Commercial timbers of India. Gov. of India Central Publ. Br. 
 Calcutta. 
 
Modified from: Chudnoff, Martin.1984. Tropical Timbers of the World. USDA Forest Service. Ag. 
Handbook No. 607. 
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Keruing is used for general construction work, framework for boats, flooring, pallets, chemical processing 
equipment, veneer and plywood. It is suggested for railroad crossties if treated with preservatives. 
 
Mechanical Properties: (2-in.  standard) 
Moisture content Bending strength Modulus of elasticity Maximum crushing strength 
 Psi 1,000 psi Psi 
Green (3)              8,500 1,750 4,050 
12%                                 2,510 8,600 16,700 
Green (1)                   1,710 5,690 11,900 
12%                           2,080 19,900 10,500 
 
 The Janka side hardness about 1,520 lb for dry material, while the Forest Products Laboratory 
toughness factor is 240 in.-lb for green material (2-cm specimen). 
 
Additional Reading:   
1.  Burgess, P. F. 1966. Timbers of Sabah. Sabah For. Rec. No. 6. 
2.  Farmer, R. H. 1972. Handbook of hardwoods. HMSO. London. 
3. Lauricio, F. M. and S. B. Bellosillo. 1966. The mechanical and related properties of Philippine 
 hardwoods. The  Lumberman 12(5):66+A-H.  
4.  Pearson, R. S. and H. P. Brown. 1932. Commercial timbers of India. Gov. of India Central Publ. Br. 
 Calcutta. 
 
Modified from: Chudnoff, Martin.1984. Tropical Timbers of the World. USDA Forest Service. Ag. 
Handbook No. 607. 
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